Objective. The purpose of this study was to determine the frequency of thromboembolic events associated with angioplasty and stenting of the carotid artery with special regard to extra-or intracranial localization of stenosis. Methods. Twenty patients with symptomatic intracranial or extracranial internal carotid artery stenosis were treated with stenting and/or angioplasty. In 4 patients stenting was technically not feasible (all in the group with intracranial stenosis). All patients underwent diffusion-weighted imaging (DWI) and neurological examination within 48 hours before and after the procedure to detect periprocedural thrombembolic events. Results. Extracranial carotid angioplasty and stenting (eCAS) was technically feasible and successfull without procedurerelated neurological complications in all cases. Intracranial stenting (iCAS) was not feasible in four cases including one patient with a fateful course. Concerning the restoration of the vessel diameter intracranial stenting was not as successful as eCAS, but more effective than balloon angioplasty alone. Incidence of thrombembolic events assessed by DWI was low. The detected periprocedural thrombembolic events were small and clinically silent. Conclusion. The risk of thromboembolic events during the endovascular treatment of symptomatic carotid artery stenosis was rather low for intra-and extracranial stenosis of the ICA in our patient sample, but one fatal course was observed.
Introduction
Intra-and extracranial high grade stenosis of carotid artery are major causes of recurrent ischemic stroke in patients with recent transient ischemic attacks or recent cerebral infarction. In case of symptomatic extracranial carotid artery stenosis, angioplasty and stenting of the carotid artery (eCAS) has shown its efficiency [1] [2] [3] , especially in high-risk patients with high grade (>70%) stenosis [4] .
The annual risk of recurrent ipsilateral ischemic stroke in patients with symptomatic intracranial atherosclerotic stenosis varies in the existing literature within 10%-24% despite optimal medical therapy [5] [6] [7] . Especially significant hemodynamic stenosis (>70%) is associated with near-term stroke recurrence. Since stroke is one of the most common reasons for death, long-term disability, and dementia, there is a rising demand on alternative therapeutic strategies.
Recently published short-term results of the SAMMPRIS (Stenting and Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial Stenosis) trial showed that medical treatment alone for symptomatic intracranial artery stenosis in high-risk patients is superior to endovascular stenting and medical treatment together [8] . Patient enrollment was stopped by the Data Safety Monitoring Board, which found that 14% of patients treated with angioplasty combined with stenting and medical treatment experienced a stroke or died within 30 days after enrollment, while the stroke rate in the group only treated with oral pharmaceuticals without endovascular treatment was much lower as expected (5.2% strokes within 30 days). Long-term 2 ISRN Vascular Medicine follow-up results are still missing. This trial again shows that intracranial revascularization is still challenging, despite rising experience and new devices.
Depending on the vasculature and especially in case of inadequate collateral circulation, angioplasty with or without stent placement may be a promising treatment option for symptomatic intracranial stenosis [9, 10] . In case of sufficient collateral circulation, patients with intracranial artery stenosis respond well to medical treatment only.
Compared to the proximal ICA segment, the intracranial sections consist of a thinner muscular layer. Due to a "weaker" vessel wall, balloon angioplasty of intracranial stenosis carries the risk of elastic recoil and dissection. This risk can be diminished by additional stenting, but stenting itselfs carries the limitation that a rigid stent device may also lead to vessel wall injuries while positioning. However procedural risks such as dissection, perforation, and thereby intracranial hemorrhage, as well as intraluminal thrombus and perforator strokes, remain major concerns [11] [12] [13] . Currently, reports of cerebrovascular complications in stent placement for intracranial stenosis remain relatively limited because of the small number of patients included in such trials or the lack of analysis of factors that might be associated with these complications [11, 14, 15] .
The purpose of this study was to investigate the effectiveness, safety, and short-term outcome of stent placement for the treatment of symptomatic extra-and intracranial artery disease with special regard to clinically silent infarctions depicted by diffusion weighted magnetic resonance imaging (DWI).
Materials and Methods

Patient
Sample. This study included 20 patients (Tables  2 and 3 ) suffering from symptomatic internal carotid artery stenosis. 10 patients underwent extracranial internal carotid angioplasty and stenting (eCAS) for a high-grade ICA stenosis loco typico (mean degree of stenosis: about 90% as determined by the NASCET (North American Symptomatic Carotid Endarterectomy Trial) method). All of these 10 patients suffered from major cardiopulmonary comorbidities and received angioplasty/stenting because of their high risk for surgery.
Another 10 patients with symptomatic brain infarctions and high-grade intracranial stenosis at different carotid artery levels were treated either with angioplasty and stenting (6/10) or with balloon angioplasty alone (4/10).
All patients have given their written informed consent. Patients were neurologically examined immediately before and after the procedure as well as 30 days after treatment. Cerebrovascular complications within 30 days of the procedure were considered periprocedural and procedure related [16] .
Among those we distinguished between TIA's and ischemic strokes. TIA was defined as acute onset of a focal neurologic deficit that lasted 24 hours or less. Stroke was defined as acute onset of a focal neurologic deficit that lasted • -256 mm 2 , slice thickness 6 mm). MRI data were consensually evaluated by two neuroradiologists (F. Ahlhelm and W. Reith) experienced with DWI. With high sensitivity to brain ischemia and high insensitivity for patient movement, diffusion weighted imaging is highly capable to detect acute/subacute ischemia.
Anticoagulation.
All patients received a standard anticoagulation medication consisting of two antiplatelet agents (100 mg acetylsalicylacid/d and 75 mg clopidogrel/d) at least 3 days before stenting and over a six-week period after the procedure, continuing with a single antiplatelet agent. At the beginning of endovascular treatment 5000 IE heparin were applied, continued by a 20 UI/kg/h heparin infusion for 12 hours if no stent occlusion was detected on duplex sonography. Low-molecular-weight heparin was administered for 3-5 days afterwards.
Interventional Procedure.
All endovascular procedures were performed by a single interventional neuroradiologist who had more than ten years of experience with endovascular therapy. Unlike eCAS, intracranial procedures were performed in general anesthesia to exclude any incidental head movement.
Embolic protection devices were not used in our study.
Extracranial ICA Stenosis.
First of all a systematically selective angiography of the stenosed artery was performed using a 4-French catheter with angled tip and a 0.35 guide wire. Two series of images including two orthogonal views were acquired. A 6-French long sheath was positioned in the distal common carotid artery then replaced the diagnostic catheter. The stenosis was then carefully traversed under road map using a 0.18 guide wire followed by angioplasty and stenting. Traditionally the stent diameter was oversized about 10% and stent length was selected to completely cover the stenosis with an overhang of at least 1 mm on both sides (Zilver-Stent, Cook, Bjaeverskov, Denmark). After correct positioning of the system along the stenosis, the stent device was deployed followed by slow balloon angioplasty to 6-8 atm (after stent angioplasty).
Intracranial ICA Stenosis.
First of all a systematically selective angiography of the stenosed artery was performed as described above. The stenosis was traversed carefully with a 0.10 guide wire followed by angioplasty and stenting if technically feasible. In four cases stenting was not feasible because of tortuous vessel anatomy, therefore balloon angioplasty was performed without stenting. The stent diameter of the stent was the same or about 10% smaller as the diameter of a normal adjacent vessel on either side of the stenosis and stent length was selected to completely cover the stenosis with an overhang of at least 1 mm on both sides. For intracranial procedures balloon expandable coronory stents (TsunamiT, Terumo Medical Corporation, Tokyo, Japan) were used. After correct positioning of the system along the stenosis, the stent was deployed by slow balloon inflation up to 6-8 atm.
After endovascular procedures all patients were admitted to our local stroke unit to warrant optimal monitoring.
Results
Angioplasty and stenting was technically feasible with no major procedure-related complications in all cases with extracranial ICA stenosis. In 4 of 10 patients suffering from intracranial atherosclerotic ICA stenosis stenting using coronary stents was not possible because of a distinct tortuosity of the vasculature, which did not allow positioning of the stent device and led to a fateful course in one patient (Table 2; no. 7) with advanced arteriosclerosis. Balloon angioplasty was performed in the latter patients yielding only minimal decrease of stenosis.
All inserted stents were patent after the procedure, as shown on MRI and Doppler sonograms. During the first 30 postprocedural days the neurological status remained unchanged except for the patient who died due to perforation of the treated artery.
Clinical findings and angiographic evaluation of procedures are summarized in Table 2 for patients who underwent eCAS and in Table 3 for patients who underwent angioplasty with or without stenting of the intracranial segments of ICA. Internal carotid artery stenosis of patients after extracranial CAS was definitely more reduced than intracranial artery stenosis.
MR Imaging.
Diffusion weighted imaging using echo planar technique is quite insensitive for movement artifacts and can be performed within a few minutes due to a low acquisition time. All DW images were of diagnostic quality.
After stent implantation, new ipsilateral diffusion weighted lesions were observed in 2 patients with extracranial treatment (Table 2 ) and in one patient with intracranial treatment (Table 3, Figure 1 ).
During our periprocedural observation time of 30 days after intervention there was no case of relevant hemodynamic depression or other adverse effects.
Discussion
The benefits of revascularization of stenotic segments in preventing stroke have been demonstrated in patients with extracranial internal carotid artery disease [3, 17, 18] . Compared with extracranial ICA stenosis we do not know much about the annual risk of stroke in patients with intracranial ICA stenosis. Retrospective studies have suggested that a subset of patients with severe intracranial stenosis (80%) or ischemic events while receiving antithrombotic therapy may be at highest risk of stroke [19, 20] . Treatment of patients with intracranial arterial stenosis has traditionally consisted of antithrombotic therapy (antiplatelet agents or anticoagulation) and management of vascular risk factors [21] . Best antithrombotic therapy has yet to be defined since there are no data from randomized clinical trials comparing different antithrombotic agents for intracranial artery stenosis.
Concerning invasive treatment of intracranial stenosis of the ICA, the surgical approach using an extraintracranial arterial bypass is controversial and is only indicated in case of hemodynamic strokes [22] [23] [24] . However, due to improvement of microsurgical techniques and implant technology, the anticipated studies about surgical treatment are yet to be published, but until now this treatment option is considered inferior to the endovascular procedures.
Concerning endovascular approach for invasive treatment of symptomatic intracranial stenosis there is rapid improvement and refinement of stent technology yielding development of new balloon-expandable as well as selfexpanding intracranial stents that now allow access even to tortuous and atherosclerotic vessel anatomy [25] . Balloon angioplasty alone is generally performed when individual anatomy does not allow reaching the stenosis with the stent device. As Lylyk et al. have described previously, compared with balloon angioplasty, stent placement had better results concerning residual stenosis [10] . In our study the mean postoperative residual intracranial stenosis was less than 10% after stent placement, whereas that of balloon angioplasty was about 50% in the mean which was also consistent with previous studies [26, 27] . A disadvantage of the balloon technique is that plaque material is not stabilized by the stent meshes and in case of floating plaques balloon angioplasty may even cause thromboembolism, which could not be observed in our patient sample.
Considering the high restroke rate of up to 24% per year under conservative therapy [5] [6] [7] , the treatment of intracranial stenosis with stent and/or angioplasty should be accomplished as soon as possible. Since no large studies concerning long-term results of intracranial stenosis treated with stent and/or angioplasty exist there is little knowledge regarding restroke rate due to restenosis of these vessels. These studies are necessary to assess the real benefit of this treatment option. The results of endovascular treatment of intracranial stenosis with balloon angioplasty have been tempered by the increased risk of stroke, which may result from distal embolization, vessel dissection, and acute vessel occlusion secondary to dissection or platelet aggregation [26] .
Concerning the point of stent-related restenosis, a preand postprocedural, antiaggregatory treatment, dual antiplatelet therapy, with ASA and Clopidogrel is considered to be mandatory to prevent thromboembolic complications and stent thrombosis. This is a dilemma since periprocedural antithrombotic medications and anticoagulation are generally a problem in case of procedure-related vessel injuries such as perforation with subsequent bleeding. In our series there was also one 79-year-old female patient with a fateful course of vessel rupture. Recently, the advent of a new generation of more flexible stents has prompted consideration of stent-assisted angioplasty as an alternative approach for treatment of intracranial stenosis [25, 28] .
Improved periprocedural medication with use of dual antiplatelet agents and advancements concerning stent technologies lead to remarkable decrease of complications especially preventing early in-stent restenosis or proceduralrelated brain infarction. Our series shows that even clinically silent infarctions assessed by diffusion weighted imaging, which is generally considered to be the diagnostic procedure of primary choice for detection of acute brain infarctions, are quite rare, a skilled operator and experienced postprocedural surveillance provided.
One limitation of this study is the low number of patients which does not allow any statistical analysis. Moreover due to refinements of catheter materials, today especially designed intracranial stents are available which should also contribute to improve the technical success rate and maybe the outcome of patients with intracranial stenosis.
Conclusion
To our best knowledge, this is the first study that directly compares periprocedural complications assessed by clinical findings and diffusion weighted imaging after intracranial carotid angioplasty (with or without stenting) with extracranial carotid artery angioplasty and stenting performed by a single operator. Since this endovascular approach has a relatively low clinical complication rate, thrombembolic events with no clinical impact but ischemic lesions assessed by diffusion weighted imaging could be revealed in three extracranial CAS patients, but only in one case of intracranial treatment. Diffusion weighted imaging has shown its potency for detection of clinically silent ischemic brain lesions and thereby is a powerful tool for quality control in case of endovascular treatment of brain supplying arteries and therefore should be used as a marker of quality control for further studies.
